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oughly. We theii^e^''^ see that the 
condition of a waM^kred outcrop is 
a certain inde^ Xo 'the way in which 
the shale ^l).j^t in the grinding 
machines,. st^'Hiii^ing more desirable, of 
course, to^Jis^re a material that com- 
minute^^ readily. • 

Fki8t{bity — This we can define as 

tji^^pc&perty which shale or clay poe- 

Cj^b6s of forming a plastic mass 

•,ww&en mixed with water, thus per- 

.' ^ \lnitting it to be molded into Any de- 

•/'••* sired shape, which it retains when 

dry. It is hard to realize what an 

important character this really is, 

for without it we could do but little 

with the material. 

Shales vary from those in which 
the plasticity is low to those in which 
it is very strong. The former are 
said to be lean, the latter fat or strong. 

The very plastic shales, other 
things being equal, are best adapted 
for making stoneware and sewer 
pipe ; those of moderate plasticity 
find their application in the manu- 
facture of paving brick, while the 
lean ones are used mostly for dry 
pressed brick and common brick. 

If a. shale is lean its plasticity can 
be increased by the admixture of a 
more plastic one ; or, if, on the other 
hand, it is too fat, it can be tem- 
pered by the addition of sand. Sand 
is a powerful destroyer of plasticity, 
but it should also be borne in mind 
that the more sand that is added the 
greater will be the porosity of the 
product. Manufacturers of common 
brick unfortunately have a tendency 
verj' often to add too much sand to 
their clay, because it makes it so 
much easier to work. 

The sul)ject of plasticit}' will again 
be referred to under shrinkage. 

Behavior Under Heat — When shale 
is heated up to a temperature of 
redness or above, depending on the 
refractory (juality of the material, a 
hardening of the mass takes place, 
owing to the softening of the par- 
ticles under the action of the heat, 
the result of this being that they 
stick together and make the product 
when cold as ** hard as a rock." It 
is this property of hardening under 
fire that makes clay products so re- 
sistent and durable. 

All shales do not, however, act 
alike when heated. Some soften 
very rapidly when burned ; others 
very slowly. Some soften at a very 
low temperature and are conse- 
quently said to l)e easily fusible ; 
others do not soften until burned to 
a very high temperature and are 
called refractorv. 

Fire clays are refractory and brick 
clays are usually easily fusible. 

When shale is put into a kiln or 



furnace and burned, the first signs 
of fusion are a softening of the 
particles. If the shales be now 
cooled, it will be a solid mass, and 
hard enough to cause difi^culty in 
scratehing it with a knife. It has 
been heated to a condition of in- 
cipient fusion. If the same piece is 
heated still higher, the particles 
soften so much that they are able to 
adjust themselves better and to pack 
to a dense, impervious mass, and when 
cool the individual grains will no 
longer be recognizable. This is the 
condition of vitrification, and all 
stoneware, paving brick and sewer 
pipe makers try to vitrify their yfVLte^ 

If the piece of shale is once more 
put into the fire and heated to a 
higher temperature than before, the 
clay will finally become so soft as to 
cause the mass to run or become 
viscous 

This is known as the condition of 
viscosity. Now, the practical bear- 
ing of all this is that, in burning a 
kiln of ware to vitrification, it is im- 
possible to bring the temperature 
just up to that point and then stop 
it; on the contrary, the heat is apt to 
go a little beyond before it can be 
stopped. If the shale passes rapidly 
from the condition of vitrification to 
viscosity, then there is danger of 
melting the contents of the kiln in 
attempting to vitrify them. But if 
the two poipts mentioned are some 
distance apart, then there is not so 
much danger in slightly overstepping 
the point of \itrification. 

To safely vitrify a clay, the points 
of vitrification and viscosity should 
be at least 125*^ Fahrenheit apart 
and preferably 200 ® . In clays canr 
taining a high percentage of lime, 
they are not over 60 9 apart, and 
hence 9uch clays are not adapted 
to making vitrified wares. 

Shrifikage — All the shales when 
mixed with water, molded and then 
set aside to dry shrink a variable 
amount as the water evaporates. 
This is known as the air shrinkage, 
and the more plastic the shale the 
greater it is, while the leaner or 
more sandy the shale the less will be 
the air shrinkage. 

A low shrinkage is more desin^ble 
for the reason that there is less 
danger of the ware warping or crack- 
ing in drying. When the ware is 
burned an additional diminutioi^ in 
volume takes place, which Is known 
a^ the fire shrinkage, and for the 
same reasons this should be as low 
as possible. Most shales have a 
total shrinkage in drying and burning 
of from 12 to 15 per cent. Knowing 
the effect of sand on the sl^rinkage, 
it is possible to reduce \\ mj^terlally. 



Color — Here we have two kinds to 
deal with, viz: the color of the uiir 
burned or greets shale, and that of 
the burned material. 

Color of the Uhhumed Shale-^r^ 
Many persons call a shale associated 
with coal a fire clay, simply because 
it is gray or reddish in color, and, 
while it is true that many fire clays 
are of this shade, still a large num- 
ber of fusible ones show the same 
color, so that this cannot be used as 
a guide in determining the qualities 
of shale. Few deposits are wanting 
in organic matter, such aa plant tis- 
sue, which is sometimes scattered 
through the shale in a very finely 
divided condition, coloring it gray, 
brown or black. When the shale is 
burned the organic matter simply 
burns off. Iron oxide is the second 
powerful coloring agent, and, de- 
pending on the chemical condition in 
which it exists in the shale, the color 
of the latter may be red, yellow, 
brown or even gray. The iron col- 
oration may of teQ be maske4 throi^gh 
l)y the presencjB of fnucl^ organic 
matter. The various states of com- 
bination in which iroQ }s found in 
the shale will be mentioned under 
chemical properties. 

Coloff of turned Shole — ^T^iis is 
most commonly red, owing fip the 
presence of iron oxide in the clay, 
and provided the pombustion of the 
fire within the kiln is compplete. 
If, however, there is not enough 
air admitted to permit complete com- 
bustion, then the iron oxide ^s re- 
duced to a lower condition of oxi- 
dation an(] the po}or wi)l be bluish 
black instead of red. Tbe same 
color will be produced where the clay 
is burned to visposity, examples of 
this being bricks which U^ve been 
melte4 in the arches of a kiln. 

Shales with only 2 to 3 per cent, 
iron oxide bum buff, while thpsewitl^ 
4 or more per cent, bum red. 

A buff or cream color is also pror 
duced if the clay conti^ins n^uch car- 
bonate of lime, say three times as 
much lime as iron, and this is what 
pauses many of the Michigan brick 
clays to burn a cream color, 

Magnesia exerts the same coloring 
effect on the burned ware as lime, 
and alkalies tpnd to.tum the iron red 
into a brown. ^ilica has no effect 
pn tl^e colpr in burning. 

These, in brief, are the physical 
properties of shale. There ^re many 
other pointe of practical interest 
that might be mentioned did space 
permit, but they will be dwelt upon 
in my report on the clays of the 
State, which may perhaps be o\\\ 
nea^t spring, 
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PART n.— CHEMICAL PROPEETIES. 



In the preriouB p&per an attempt wB8 
m^e to describe in brief ttie physical 
properties of shales. It now renuiDa to 
deecribe the cbemicai ones, or those 
which are due to the chemical cKaracler 
9r compoeitioa of the material. An 
analysis of pure clay would show only 
three ingredients, viz., silica, alumina, 
and chemically combined water. Such 
a clay is however an extreme rarity, so 
that, in addition to the above, we usually 
Und variable amounts of, ferric oxide, 
lime, magnesia, and alkalies, and it can 
be Buid in general that the purer the 
dlay the loner the percentage of the 
last mentioned substances. Since we 
Speak of them as impurities, it suggests 
that some of them may be undesirable 
Gonstltueuts of the clay or shale, and 
such is at times the case, for all of tbem 
affect some properties of the eliale. 
Some influence the color, others the 
shrinkage, while all exert more or less 
effect on the fusibility of the material, 
the iaBuences in each case increasing 
usually with the amount of the impurity 
which the shale contains. We can per- 
haps tabulate the above statements by 
giving in the following lines first the 
name of the property and aft«r it the 
dubstaaces which affect it : 

Fusibility : Silica, ferric oxide, lime, 
ma^esia, alkalies. 

Color: Terric oxide, lime, magnesia, 
alumina. 

Shrinkage : Siliea. 

On comparing these properties with 
thoss meniJoned or enumerated in the 
first paper, it wilt be seen that there 
renlain some wliich the chemical com- 
positipa does not seam to effect, and 
brings up the question ; What can we 
learn about a clay from Its chemical 
analysis P 



As we shall see below, we can learn 
much, and yet at the same time it is not 
safe to attach too much importance to 
this point, for two clays may agree very 
closely in their chemical composition, 
and yet be totally unlike physically. 

It is commonly the custom to divide 
the impurities of clay into fluxing 
and non-fluxing ones, but this is true 
only in a relative sense, for all of them 
act as fluxes if present in sufficient 
quantity, and if the clay be heated to a 
sufficiently high temperature, but at the 
same time these latter t«nd to increase 
tbe refractoriness of the clay np t» a 
certain point 

Those impurities, which exert a flux- 
ing action at low or medium tempera- 
tures, include the alkalies, terric oxide, 
lime and magnesia, and their effective- 
aess so far as we know is in the order 
given above. 

We could therefore have two >.>lays with 
the same physical properties and the 
same total percentage of fusible impuri- 
ties and yet the one might be more 
fusible than the other on account of 
having a larger percentage of the more 
active fluxes in Its composition. For 
some purposes a low percentile of 
fluxes is desirable, while for other pur- 
poses a higher amount is required. 

.difcatfas.— These are commonly potash 
and soda, and are to be found in almost 
every shale, varying in total quantity 
from a trace up to nine or ten per cent. 
They are often present as a constituent 
of undecomposed feldspar grains, which 
the shale may contain, or iu some cases 
the potash may come from mica, whose 
tiny glistening scales are easily dla- 
ceroible when present. Alkalies are 
usually present in thelform^of feldspar 



(which is-a complex rilicate), and, on ao- 
count of their flnxing properties, are 
frequently of an advantage, as they 
serve in burning to bind tiie particles 
together in a dense, hard body, and to 
permit the ware being burned at a 
lower temperature. So far as is known 
tbe alkalies exert little influence on the 
color of the burned ware. 

Iron Oxide. — Aside from being a flux, 
ironoiideiaalsa the great natural color- 
ing agent of sliales In both their raw 
and burned conditions. There are many 
different mineral compounds which may 
serve as the source of iron oxide in 
shale, and of these the most common 
are the silicate minerals, mica and horn- 
blende ; the oxides, limonite, hemetite 
and magnetite ; the sulphide, pyriteand 
raarcaute and the carbonate of iron, 
siderite. No matter what the ori^nal 
composition of the mineral, the decom- 
position of it usually sets the iron tree 
in tbe form of the hydrated iron oxide 
or limonit«, which tends to color the 
clay in various shades of red and yel- 
low. Aside from the mica, the only 
other mineral which is apt to be pres- 
ent in grains sufficiently large to be 
recognized by the naked eye, is pyrite, 
and this occurs in the form of glittering 
yellow metallic particles, which are often 
of cubical shape, many of these grains 
being sometimes cemented together in 
the form of large masses, which are 
oommoaly known as "sulphur halls." 
The latter would tend to do much dam- 
age if allowed t^i remain in the shale, 
but owing to their sine are easily ex- 
tracted. 

These should not be mistaken with 
csrtmnate of iron concretions commonly 
found in shale banks, and known as clay 
iron stone, or kidney ore, and some- 
times erroneously called sulphur. They 
do not show any metallic particles un- 
less grains of pyrite happen to be en- 
closed in them. The shales at Flushing 
and Quincy, etc., contain many concre- 
tions of carlionate of iron. 

When a shale is exposed to an oxidis.i 
ing fire in burning, the iron invariably 
tends, to color the material red, and JJie 
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depth of this color increases with the 
amount of iron present. If, howeyer, 
the shale is exposed to a reducing action 
in burning, which is the case when an 
insuffii^ient quantity of air enters the 
kiln, then the color instead of b^ing red 
will bea'bluish blacX. - Hie same color is 
also produced if even in an oxidizijig 
tire the shale is carried to a condition of 
Tiscosity, in which state a dissociation 
of the iHiU compound takes place, the 
ferric oxide being reduced to the ferrous 
condition. 

Both ferric and ferrous oxide exert 
distinct coloring effects on the raw 
clays, so that the latter may be yellow, 
blue, brown, red or grey in color, de- 
pending upon the relative amount of 
ferrous and ferric salts present. 

The amount of ferric oxide permissi- 
ble or desirable in a shale depends upon 
the use to which it is to be put. Thus 
kaolins, which are to be utilized for 
making china, should have under one 
per cent, if possible, while brick shales 
or pottery clays, on the other hand, 
should have four or five per cent, of the 
same material in order to produce the 
good red coloration. 

The iron coloration may often be 
bleached out owing to the presence of 
lime, as will be mentioned further on. 

Lime, — There are scarcely any shales 
which do not contain some lime. The 
chemical combination in which it is 
present has much to do with its effect 
on the behavior of the shales. Thus it 
may occur as a silicate, when present in 
some species of feldspar, or again it 
may be found in the shale as a simple 
carbonate, represented by the mineral 
calcite, or as a double carbonate of lime 
and magnesia when the mineral dolomite 
is present. Thirdly, it may be found in 
the shale as a sulphate, namely the 
mineral gypsum. The latter is often 
known by its small transparent crystals, 
whose services have a pearly lu^re. 
The presence ofcarbonate of lime can be 
detected by the effervescence producjed 
when a drop of muriatic acid is put on 
the shale, and dolomite shows itself by 
acting similarly when hot acid is 
dropped on the rock. 

When the lime is present as a silicate, 
it is useful as a ilux, but in this condi- 
tion it exerts no coloring action on the 
shale in burning. Carbonate of lime is 
extremely common in many shales, 
which have been derived from limestone 
areas, as in the State of Michigan, and 
it is never lacking in those beds of brick 
clay which are found around the borders 
of the Lower Peninsula, as at Detroit, 
Benton Harbor and Forestville. Car- 
bonate of lime if present in the form of 
lumps or pebbles is very injurious, and 
should be removed by screening or 
washing, for the reason that in burning 
it is reduced to quick lime, which if the 



brick it not vitrified absorbs moisture 
from the atmosphere, slakes, swells and 
bursts thB "product. Finely divided 
lime,* iiowever, if not present in too 
large quantities may be harmless, and 
shales containing 15 or 20 per cent, of lime 
carbonate in this condition can be used 
for the manufacture lif common brick 
or earthenware, or in fact any products 
which do not have to be burned to a 
condition of vitrnication. - 

The effect of lime as a coloring agent 
is that, if iron oxide is present, the lime 
unites with it and the silica, and 
alumina of the shale giving a complex 
silicate, and coloring the brick buff or 
cream instead of red. This is especially 
effective when the ratio of lime to iron 
is not less than three to one. 

Lime like iron and alkalies is also a 
powerful flux and tends to lower the 
fusibility of the shale to a marked ex- 
tent ; furthermore it tends to bring the 
points of incipient fusion and vis.co8ity 
of the clay together so close that shales 
which contain a large amount of car- 
bonate of lime can not be burned to a 
condition of vitrification without dan- 
ger of fusing. 

In addition to this, lime also exerts a 
powerful influence on the shrinkage of 
shale, those which are highly calcareous 
showing a lower shrinkage in burning 
than those with a low lime percentage. 

MagtuHa, — ^This element rarely oc- 
curs in either shales or clays in the same 
amount as lime, and indeed it rarely 
exceeds two per cent. But curiously 
enough the shales and the clays at many 
localities in Michigan often seem to con- 
tain as much magnesia as lime. 

Magnesia may be derived from the 
same class of compounds as lime, and, 
so far as known, the action of it on the 
clay in burning is exactly the same. 

Silica. — Chemical analysis distin- 
guishes two classes of silica, first, that 
combined with alumina in kaolinite, 
and, second, sand. The latter includes 
both quartz and silica present in feld- 
spar or mica. 

Free silica or quartz is present in all 
shales, and varies in amount from a 
fraction of a percent to al)out 20 or even 
50 per cent. Its most important effects 
are that it tends to lessen the plasticity, 
diminish the tensile strength, and also 
lower the shrinkage of the material, 
both in drying andln burning. Indeed, 
if silica is present in a very large amourt 
and grains of large size, it may even 
cause the shale to expand in burning. 

In combination, silica, namely quartz, 
tends to increase the refractoriness of a 
clay up to a certain point, namely 
about 280 degpreeS'F. Beyond that point, 
however, an increase in the amount of 
silica tends to increase the fusibility of 
the clay up to a certain point, after 



which the refractoriness again rises. This 
is a question which has a pnu'tical 
bearing, however, only in connection 
with the highest i^rades of fire bricks. 

Titanium, — ^While this is widespread 
in many clays in the form of th<^ mineral 
Rutile or Umenite, at the same time it is 
present in such small quantities that its 
effect necKi not * osually be- considered. 
Its action is somewhat similar to that 
of silica. 

Organic matter. — This substance is 
found in many different shales and 
usually makes its presences known by 
the dark gray or black color which it 
imparts to the material. It generally 
consists of finely divided pieces of plant 
tissue, or large pieces of stems and 
leaves, which have settled in the shale 
during its deposition. 

The color exhibited by clays carrying 
organic matter is no indication of the 
color they will have when they are 
burned, for a clay which is jet black 
might contain no iron, and consequently 
would bum with a white color, as the 
plant tissue passes off at a bright red 
heat. On the other hand, a clay naigbt 
contain an appreciable per cent, of iron, 
whose presence would be masked by the 
presence of organic matter, and conse- 
quently the clay would bam red. 

When found in a very finely divided 
condition, organic matter tends to in- 
crease the plasticity of the clay, unless 
there is a large amount of sand present, 
and furthermore in the weathering of 
shales organic matter by its oxidation 
and conseouent evolution of carbonic 
acid gas helps to break up the material 
and render it more plastic. 

Water in Shalea.— 'AW shales contain 
two kinds of water, viz., hydroscopic 
water, or moisture and chemically com- 
bined water. 

Moisture, — Shal^ contain from 30 to 
40 per cent, of moisture, when freshly 
taken from the bank, and in air drying 
most of this is expelled. The clay 
shrinking at the same time. The 
amount of water that an aired dried 
clay needs in order to develop an easily 
workable mass varies from 12 to 2«> per 
cent, in lean ones, and from 25 to 85 in 
fat ones. The more plastic the shale 
the greater the quantity of water re- 
quireci. 

Combined Water, — It may he said 
roughly that the amount of combined 
water in shales is usually about ^ of the 
amount of alumina, although if the clay 
contains much limonite it would be 
much greater than this. Combined 
water is driven off at a low red heat, 
and the only effect of it is that when 
this takes place the shale suffers addi- 
tional loss in volume or shrinks, other- 
wise combined water has little or no ef- 
fect. It is a curious fact, however, that 
while the amount of combined water 
does not seem to stand in any close re- 
lation to the placticity of a clay, never- 
theless when once driven off the clay 
can never again be rendered plastic by 
the addition of water. The shrinkage 
that does take place when combined 
water is driven off will vary from two 
to.twelve per cent 

(Tt^beSoontinued). 
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PART III.— USES. 



The uses tti which shale may be put | 
are groupable under the following | 

Clay Product$, such as hriok, terra \ 

cottu, sewiir pipe, drain tile, paving ' 

briek. pottery, etc. i 

Portlaiid Vement . ] 

Mineral Paint \ 

Road Material. i 

Clay Produett—Thla represents by, 
tttr the most important use to which 
shale is put at Ihe present time, and far | 
its sueeeBsful upplicutiun depends on 
the two properties mentioned in the 
previous paper, viz: placticity and hard- 
ening when burned. The various chem- 
ical and physical properties of shale 
which have )>een described in the pre- 
ceding paijers bear chiefly on the use of 
shale tor this purpose. 

For the manufacture of all of these 
clay products the shale must be plastic. 
but iiaide from this the characters to lie 
considered for any particular grade of 
product are not always the same. The 
necessary qualities may be summed up 
briefly therefor as follows ; 

Common Briek. ^A suRJcient amount 
of iron i>xide to give the brick a good 
red color is desirable hut not absolutely 
necesaary. otherwise we should be ex" 
eluding the use of calcareous shales, 
which are sometimes employed, tn>m a 
matter of necessity rather than choice. 
There should be enough llu^tes in the 
shale t<i make it burn to a hard product 
at a comparatively low temi>erature, 
giving a brick whose density shonld not 



permit more than 15 percent, absorp- 

Front Brick.— Tb^ same characters 
are called for as in the cose of common 
brick, but the color after burning is of 
prime importance, it being necessary i 
that the shade, whatever it is. should be | 
uniform. A dense brick is desirable, i 
and the shrinkage should be low enough 
to prevent Wiirping or cracking in burn- ' 
ing. These two points are also influ- 
enced by the pn>per manipulation of 
the clay. Furthermore, soluble salts 
must always be guarded gainst, for 
they produce a bail discoloration on the 
surface of the ware. If ibeir presence 
is known they can be rendered harmless 
by the addition of barium chloride or 
barium carbonate to the clay, the chem- 
icat reai^tion which takes place as a re- 
sult of this atklition rendering them in- 
soluble. 

r«rro CoHo.— The same re<iULrements 
hare to be considered as in the case of 
front brick, but they must be complied 
with even more strictly. The necessary 
plasticity to permit the molding of in- 
tricate designs is also of the highest im- 
portance. 

Paving Brick.— The production of 
I these calls for a shale that will not only 
I keep its shape in burning but also yield 
. a vitrlSed or impervious product. To 
' produce the latter in large quantities at 
I a time, it is necessary that the poinM of 
I incipient fusion and viscosity of the 
shale should be separated by at least 
■2J0 degrees Fahr,, and preferably 400 
degrees. The product should have 
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considered, and should be made high in 
order to permit the turning or molding 
of the ware. Color is sometimes of im- 
portance, and, for stoneware, the shale 
must burn to a vitrified body. So tar 
as the writer is aware, shale has never 
been useil for the manufacture of white- 
ware, for the reason that shale being of 
sedimentary origin it usually has too 
much iron o.\idc in iu composition to 
permit its burning to a white body. 

Firebrick are very frequently manu- 
factured from shale. The great ele- 
ment to be considered in this case is 
ability of the ware to withstand high 
temperatures. This calls tor a low per- 
centage of fluxes in the raw material. 
Fineness of grain always plays an im- 
portant roll. Coarse-grained shales 
withstand high temperature best, while 
fine-grained ones are better adapted to 
resist the corrosive action of molten 
materials. 

It is frequently found that a mixture 
of shales often yields much lietter re- 
sults than when one alone is used. The 
bearing of all these jHiints will l>e dis- 
cussed in greater detail in the forth- 
coming report. 

Portland Cement — in the manufac- 
ture of Portland cement a mixture of 
shale and marl in usually taken, the two 
being mixed in such proportiouH as to 
give a mixture of the proper chemical 
composition, the physical properties of 
the material being of minor importance. 
The three essential elements of such 
cement are silica, alumina and lime, 
the Brst two of which are supplied by 
the shale and the latter by the marl or 
limestime. The beat results are ob- 
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i-ORTLAND CKMKNT WORKS. COLDHATKR. 

Umv ' vurkiiia physli/al tcHU and I'heniii-'al 
Hii; I aiiiilysi!*. Aiuchik the riirmer may be 
itK'iitiuncil till' sliriukage ot the shale 
The auitabie nature of the Michiifuii , idien ilried aid btinied, the c^lor an<l 
shales for the luaniifaelure (if Ponlunil densily when ht-Hted m different t«m- 
eenient has been diai-usaed in an earlier )ieraturi-3, the rusihilily. jilasticity. teii- 
nunilier of this maffaziiie in a jiaper by : sile strength : also the aiiimint of si'lii- 
Mr, Hale and uenl not hv repeate<l here, hie salts as well as other special points. 
Mineral Poin*.— Shale to be thiLS em- aeeonting to the (jra>le ()f the simle.all of 
ployd is usually gronnd up and mixed [Whiph infomiatiim will be of vahie lo 
with oil. Two characters enter into the the jiraflieiil clay wt.rker, Analyses 
Gonsi<teratioit of its ap)tlieal>ility for this are iieiug made of many of tlie samples, 
purpose. First, the aniniint of oil re- and in many cases it is posaihle to look 
quired to mix with a Riven ffuantity of I upon them as a guide of praciieul value. 



R. Uu<ison River shales, es|>eci- 
ally developed near £Boanftt>a. 

The eoal measure shales are. as 
already mentioned, usually int^r- 
bedded with t^oal seama. and mosi 
eommoaiy known to the coal 
miners of the Stat« as 'fire- 
elays." While this appiicatiou i* 
in many cases erroneous, it may 
be tnie in one or two instam-fs. 
and the term has pri)l)aijly arirK-ii 
from the fact that in many oial 
milling regions tite coal ImmIs are 
nuderlain liy a layer of lire-clay 
iir refractory shale, which nieaiis 
the same thing. It is very dilVi- 
eull t*) give even a most genernl 
description of these carbon i fen xi; 
sliales, for tlie reason that they vary .*>! 
at the different luiues. but the saiiic 
kind is soiuetJMkcs met tvith at st'vera! 
mines in succi'ssiou. The types wIil.Oi 
are most distinct are perhaps tlic fol- 
lowing : 1. A light gray, sandy. sh;ity 
t'hiy. often i(uitu hani, aud calti^l tiri'- 
flay. It not unfreijueiitly contains pl;iiii 
remains. This nialerial underlies Ihi' 
coal at the shaft of the Stanilard Mining 



shale, and, second, the color of the 
material, which is influenced by the 
afiiount of iron oxide and organic mat- 
ter in the raw material. 

Road Material— la many localities 
e.xcellcnt roads are produced by the use 
of shale, the vaneties yielding the best 
results being those of a somewhat hanl 
and siliceous naturt'. Shales which are 
soft and low in silica tend to crumble 
Tillier rapidly to dust and pro- 
duce a greater amount of mud in 
wet weather. 

PART IV.— THE SHALKS OF 

MICHIUAX. 
During the past summer the 
writer bad occasion to make an 
e.xamination of the shale dejHisits 
of the State for the l:^tat« Ueolo- 
gist, and the following will give a 
brief outline of the work Iwing 

The object of the work begtm at 
that time and still being carried 
on is to gather information con- 
cerning the extent of the shale de- 
posits of the State, and to deter, 
mine their value as far as possilile 
for the manufacture of clay pro- 
ducts. In order to test their 
availability, samples were col- 
lected from ji^niimber of pi>int3' 
and these i 



and not merely a fact of theoretical i 

The shale deimsits m-curring within 
the State are the following : 

I. Coal measure shales, usually inter- 
bedded with the coal seams. 

i. Miirhigan series of shales, assori- 
aleil with the gypsum beds. 

8. Coldwater shales, outcropping in 
abundiince near (Coldwater and White 



k'ompany near Saginaw. 2. A black. 
! tine-gralnu<l, brittle shale, with dull 
I lustre and sometimes spoken of as can- 
' nel coal, owing to its apjiearance. Tbi-^ 

shale contains much bituminous matter. 
i and would not serve well for the niitnu- 
I taclure of clay proclucts. 3. A di<rk. 
I grayish black, tine-grained, ban), yei 

brittle shale, which produces appi^'ci- 
I alile plasticity when ground up and 

mixed with wat*'r. This ia found a1 
1 several miueij near Sagiuaw and also 
J Bay City, and is iiuarried at Fhisliing 
I for the maLiufai'ture of ]>aving liriek. 



) being subjected t< 
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! tliL' aliale is quite « 
atliipti^d to the nianufnrti 



Between these three types are 
mediate griiiiationB. 

ThB following analysia shows the com- building brick, there beinjr a large plaut 
position of the "lire-da}-" underlying' su|iporleil by this supply of mat«rial. 
the coal at the shaft of the Standard  ITie Coldwuter shales are perliaps the 
MiulngCompauy at Saginc 



Silica . - 5B.30 

Alumina. U.iO 

Ferric oxide 3.62 

Lime carbonate -30 

Magnesium carbonate 2.61 

Alkalies a.l-i 

Water and org. matter 21. S3 

This shows a high percentage of c 



II the State, and from 
; standpoint have thus far 
I been the 'most important, because they 
i are the source of supply of all the Port- 
, land cement faetories of Michigan. 
I They have been quarried chleHy at 
i Bronson, Union City and Coldwater, 



would have to be luoke<l after iu 
the manufacture of certain grades 
ift, and is I of clay products, 

■e of red The Hudson River shales, which out^ 
crop abundantly at some points of the 
Upper Peninsula, esjiecially to the north- 
east and east of Escanaba, Are Ijm high- 
ly calcareons and too siliceous to be of 



n the making of clay \ 
'theoming retiurt the i^l 

of these various shales and the tc 

that have been made on them, us well 
as the conclusions to be drawn from 
them, will be discussed in detail, 

A word may lie saiil in conclusion 

cjncerniug [he deposits i>f soft plastic 

beds also occur atQiiincy. L.|ay which are extensive in many por- 

At these three iraints the shale is fine- 1 tions of the Static. While these clays 
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exceed 6.00 probably, judging from tiie to a claj-iike mj 
amount of alumina, and consequently of tliat useil at Bi 
there will probably be a tronaide table 
shrinkage in burning. The fluxes are 
also loo high for a fire-clay, but the 
material may lie semi-refraclory. 

These beds of shale at many of 
the coal mines are (our to five feet 
in thickness, and there is usually 
an abundant supply of the mater- 
ial. At present it is either left in 
the mine or else brought to the 
surface and thrown on the dump, 
where after a whiie it Iw-gins to 
slack, first to a scaly mass and 
then to a powder. 

At (irand Le<lge the i-oal meas- 
ure shales are ntilined for the 
manufacture of tile and sewer 
pipe, and at Saginaw there is a 
successful paving brick plant in 
operation. 

The shales of the Michigan ser- 
ies form a belt 10 t.. 20 miles in 
width, surrounding the area of 
carboniferous rocks in the Lower 
Peninsula. They are, however, 
best exposed at Grand Rapids, 
where they form a bed 6 to 10 feel 
thick overlying the gypsum. 



it will probably prove true that the 
I greatest developments are to be ex- 
: peeled from the shales, for the reason 

that the clays often contain sueh high 
' percentages of lime carbonate as to re- 
I strict their use tu the making of ci 
I briyk and earthenware. 
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Annual Report ot Alfred C. Lane, State Geologist, for the Year 

ending December 31st, 1899. 



To the Honorable Board of Geological Survey, 

Lansing, Michigan. 

Gentlemen: — Herewith I beg leave 
to submit my repoft for 1899, although 
I have deemed it best to bring the de- 
tailed statement only up to July 1st, as 
owing to the action of the last Legisla- 
ture the end of the fiscal year was 
changed from December 31st to June 
30th, and we were allowed $^,000 as ap- 
propriation for the first half of the year. 
Owing to the fact that the latter part of 
the year contains the more summer 
months and offers most opportunity for 
field work, and consequently involves 
extra expenses, and to the fact that the 
first part of the year was largely devot- 
ed to supervising publication, I was not 
able on such short notice to recommend 
the expenditure of all the appropriation 
to the best advantage, and only (3,679.22 
was spent and the balance ($320.78) re- 
turned to the State Treasury. 

Expenses Jan. Ist to June 30th, 1899. 

Salaries. a Field.^ Office. 

January 9 36334 $0690 12845 9 417 99 

February 386 55 53 17 439 72 

March 3i6 08 52 92 218 37c 617 37 

April 408 17 10 47 135 lid 548 81 

May 459 87 2 22 106 72« 567 81 

June 432 25 10 30 73 94 516 49 

Approved since 313 16 116 48 141 39/ 571 08 

$2,70t 42 $^18 59 $756 21 $3,679 22 

a Including those of temporary assistants if 

hired for more than a day. 
b Traveling ex|)enses, and nubslstence while in 

:he field, not including salaries. 
c Including $200 for transit. 
d Including $100.68 for furniture Lansing oftice. 
e Including $47 50 for barometers and thermom- j 

etcrs. ' 

' Including $106 for instruments, etc. . 

The ratio of traveling expenses Has 
been kept low, but not, 1 hope, to the 
detriment of the work. 



Hereafter it will be possible for me to 
give the expenditures for one year from 
July to July, and the complete series, 
together with reports of my predecessor, 
will show the amount expended. Up 
to December 3l8t about ^.827.01 only 
had been expended on the current year. 
In the preparation of reports on cement 
by David J. Hale, on clays and shales 
by H. Ries, and the county reports by 
Prof. C. A. Davis and Prof. W. H. Sher- 
zer, much work has been done, but no 
payment is due until the work is com- 
plete and ready for publication. You 
will remember that my predecessor, 
Dr. L. L. Hubbard, wearied of the ob- 
stacles which were placed in the way of 
publication, resigned his position in 
January, but that you prevailed upon 
him to continue in charge, although al- 
lowing him to engage in other pursuits, 
and he remained in charge of the whole 
survey until April 1st and since then 
in charge of the Upper Peninsula wor]j. 

Publications. The completion of Vol- 
ume VI was making slow progress and 
the force of the State Printer had been 
very largely changed since the printing 
of the volume began. Your Board and 
Dr. Hubbard therefore deemed it wise 
to havs some one in Lansing who could 
look after the matters more directly, 
and you appointed me to the position of 
State Geologist, although Dr. Hubbard 
remains in charge of the Houghton 
office. The extra work in the printing' 
office at the time of the Legislative ses- 
sion mad« progress on Volume VI quite 
sloAV, and I was not able to get it bound 
and ready for distribution until August 
of this year. This volume (Volume VI) 



pertains to the Copper Country exclu- 
sively, and contains a geological map of 
Isle Royale and some very valuable 
maps showing the recent developments 
around Portage Lake. While the proof 
of this book had been entirely ready be- 
fore I came to office, and therefore the 
credit of its preparation belongs entir»^]y 
to the administration of Dr. L. L. Hub- 
; bard, I mention it because the burden 
of distribution has come entirely upon 
us. The old mailing list was ten years 
out of date and adapted for editions of 
over two thousand were of no use to us. 
Of the 954 copies turned over to me by 
the State Printer, 200 have gone to the 
State Library according to law, 75 were 
divided between the three authors, 479 
were received at the Lansing oflice, and 
200 at the Houghton oftice. 

From the Lansing oflice have been 
sold 58 and cash received. There have 
been distributed (by Governor's order 
No. 212 to No. 296) to colleges and other 
libraries in exchange, etc., in accord- 
ance with the rules of the Board. 281; 
and there remain on hand 140. From 
the Houghton oftice have been sold 5, 
distributed 30, and there remain on 
hand 165. Thus we still liave on hand 
altogether 305. Stubs showing distri- 
butioi;! of each volume may be inspected 
in my office. Applications come steadi- 
ly in, and are more frequently cash 
orders of late. It is probable, therefore, 
that the edition will be exhausted within 
the year. This is the more natural when 
we consider that of the more than twice 
as great edition (2,500 copies) of Volume 
V issued, more than half (1,453) are al- 
ready gone. The figures of distribution 
this year are : In the Lansing office 
from Superintendent of Public Instruc- 
tion, 142; sold 11, otherwise distributed 
90; on hand 41. In Houghton office at 
the beginning of the year, 11; distribu- 
ted (1 sold) 5, on hand 6. Remaining in 
office of Superintendent of Public In- 
struction 900. Total on hand 947. 
Of the earlier reports we have nothing 
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to distribute except atlas to Part I of 
Volume I. 

In the paeautime my report on "Coal 
in Lower Michigan" was printed in The 
Michigan Min£k» as you had arranged, 
in the numbers from February to Sep- 
tember, 1899. Of the 509 copi^s fur- 
nished us by agreement, a number had 
been distributed in parts or sheets, so 
that but 370 remained to be bound up 
together. You authorized the free dis- 
tribution of this, and but 53 copies re- 
main. 

In binding this I took occasion to com- 
pile for the rear cover a list of publica- 
tions, of which we had also some leaflets 
printed to answer many enquiries. 

This publication in the public pre^s of 
reports in preliminary shape, in accord- 
ance with the vote of your Board, has 
proved very satisfactory, relieving the 
public treasury of the cost, and secur- 
ing prom])t and wide dissemination of 
our reports. 

Prof. Kies has been printing a similar 
series on the clay and shale resources of 
the State in The Michigan Miner, and 
shorter notes on tlie marl resources and 
the work of D. J. Hale, and on the glass 
sand and the work of W. H. Sherzer on 
Monroe County, have appeared in the 
daily press. 

Prof. Davis has published some ac- 
count of work in Tuscola County in the 
Botanical Oazette, and I have published 
studies on the "Water Supply and the 
Mineral Waters of Lower Michigan, " in 
Water Supply Papers No. 30 and No. 31 
of the U. S. Geological Survey. I have 
also in response from teachers prepared 
some articles on the, 'Making of Michi- 
gan" for the ifocteraf or. We are con- 
stantly in receipt ef enquiries for re- 
ports of the Commissioner of Mineral 
Statistics. Since these were at one time 
distributed by your Board, and as there 
have been five different incumbents 
within the last ten years, all living in 
different parts of the State, it is no 
wonder that enquiries come to us, and 
that even the State Librarian finds it 
difficult to secure a complete file. 

In order to see that the college and 
local libraries are supplied throughout 
the State with conaplete tiles, it might 
be well to have a part or the whole of 
each edition of the Geological Survey, 
Mineral Statistics, and similar reports 
distributed through one central bureau. 
Of back reports we have of the 1884 re- 
port 15, and of the 1891 report 121, 
which I am giving to applicants. 

Future Publication. The Legislature 
granted $4,000 for future publication, 
and the engraving and lithographing of 
maps and other illustrations for county 
reports on Monroe, Huron and Sanilac 
Counties are well advanced. We are 
allowed to print 1,500 copies. Judging 
from the experience of the past, this 



will be not more than barely suflicient 
if you allow me as you have to print 500 
copies of each county report separately 
to supply local demand, leaving l,(X)0t4) 
be bound togetlier as Volume VII of our 
reports for those who wish to keep sets 
of the same. 

Besides encjuiries for the reports of 
the Commissioner of Mineral Statistics, 
we have a great many miscellaneous en- 
quiries regarding the resources of the 
State, many of which would be most 
appropriately answered by him. of 
which we keep no exact track, for our 
stenographers are too busy, but our bill 
for stamped envelopes indicates for 
them over 1,500 letters written. 

Relfition to Other Bureaus. The men- 
tion of the Commissioner of Mineral 
Statistics reminds me to refer to our re- 
lations with .other bureaus. The word- 
ing of the acts whicjh refer to the State 
Geological Survey and the Commis- 
sioner of Mineral Statistics is such that 
there might very easilj^ be a wasteful 
duplication of work and possible fric- 
tion. As a matter of fact, however, 
there has been no such difficulty for 
years past, the collection of statistical 
information being left entirely to his 
bureau. It might seem natural, and, 
indeed, I have been asked, why w". did 
not pay more attention to such matters, 
which are in most States placed in the 
hands of the Geological Survey; but it 
must be remembered that tliere are 
three other bureaus — the Commissioner 
of Mineral Statistics, the Commissioner 
of Labor, and the U. S. Geological Sur- 
vey, which are engaged in gathering 
statistics relative to the mineral and 
kindred industries of the State, and it 
seems to me that it would be a waste of 
time for a fourth agency to do the same 
work, especially when we have abso- 
lutely no authority to compel returns 
and when the vArious people addressed 
might fairly complain that their time 
was occupied in filling out blanks for 
more than was right. Along our pecu- 
liar lines, however, we have, with very 
few exceptions, received every courtesy, 
and I think all the more because such is 
entirely voluntary on the part of the 
various mines and owners. 

The Michigan College of Mines has 
furnished tests r)f cement by Prof. Hood, 
and other analyses by Dr. Koenig. 

The U. S. Geological Survey have not 
only assisted in the gathering of water 
supply data, as already mentioned, but 
have promised to determine our coal 
measure fossils. They purpose to study 
the glacial geology of the State in a gen- 
eral way, which will facilitate our de- 
tailed investigations, and are expecting 
our assistance. 

We have also received for Mr. Hale 
and Prof. Ries courtesies in ;he way of 
transportation from the Gniud Rapids 



& Indiana: Ann Arbor: Saginaw. Tus- 
cola & Huron: Manistee & Northeastern: 
the Soo Line, etc,, which have material- 
ly aided them in their work. 

The removal of my residence from 
Houghton to Lansing has brought me 
into more intimate relations ]with the 
Agricultural College, and I have grate- 
fully to acknowledge many courtesies 
from the faculty, especially in chemis- 
try, of that institution, and I trust have 
l)een able to render them some assist- 
ance in return, having visited the new 
experiment station at Chatham at the 
request of Prof. Smith and agreed to 
speak at Pontiac in January for the 
Farmers' Institute. 

C. F. Schneider, of the Weather I^u- 
reau. has compared our instruments 
with his. and I have furnished Prof. 1. C. 
Russell with jars and other material for 
keeping record of the new well put 
down by the University at Ann Arl)or. 
I have also furnished Mr, G. B. Willcox 
of the Mechanical Department, with 
standard samples of coal tested. 

Field Work in Lower Michigan. Dur- 
ing the summer Prof. C. A. Davis tin- 
ished work in Tuscola Count3\ and his 
report is appended. I myself visited 
the county a sl^ort time, but was era- 
ployed most of the time in Saginaw 
Count}', and was assisted b}' Mr. J. G. 
Whitten and Mr. W. F. Cooper, and in 
t«>pography bj' Mr. Charles Holmes. 
Prof. W. H. Sherzer has spent a sliort 
time reviewing the work on Monroe 
County, but has s^ent most of his time 
preparing a report on the same. Mr. 
D. J. Hale has been employed as a spe. 
cial agent in writing up the (?emeat 
materials. I have been fortunate 
enough to get Prof. H. Ries, of Cornel} 
Universit3% who has for some yeai> 
been employed as expert by the Unitetl 
States, New York, North Carolina and 
other States, to look over and examine 
the clay and shale resources of the 
State. In the way of special tests, a 
series of analyses and heat determina- 
tions with a bomb calorimeter have 
been made by Henry J. Williams from 
samples collected by us with care, and 
a series of tests of clays, marls and 
waters, and some miscellaneous analv- 
^es by A. W. Clark, of the Agricultural 
College, mainly for I). J. Hale. Tiie 
results of the work may be briefly sum- 
marized. 

In Saginaw County, the approximate 
mapping of a deep channel which passes 
west of Saginaw toward Alma and cuts 
out the coal; the recognition of three 
important coal seams, the lower non- 
coking but low in sulphur and ash, of 
heating quality equal to the Hocking 
Valley, and two coals above, often s(> 
close together as to be workable as ores, 
which are coking coal but higher in 
sulphur, phosphorous and ash; the rec- 
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ognition of nodules and bands of iron 
carbonat<*s and oecasioaally as zinc wide- 
spread in the coal measures, so that 
very likely they are somewhere present 
in eeonomically valuable quantities. 

In regard to cement material, the 
wide and abundant occurrence of marl 
material has been demonstrated. The 
rarer material i^ a suitable clay or shale 
to mix with it. None of the surface or 
glacial clays have proved very suitable, 
and shale or clay derived by decompo- 
sition therefrom seem to be tlie best 
adapted. This, however, exists in large 
quantities in the Cold water shales, 
which occur at botli entls of the State 
and probably also in other horizons. 
Dr. Kies thinks there is a bright pros- 
pect for clay and shale industries in the 
northejn part of the Lower Peninsula. 
The coal tests by H. .1. Williams have 
shown clearly the chemical characters 
of the various seams, and that previous- 
ly published analyses had not given a 
fair idea of the range of coal. They 
enable, as it seems to me, the heating 
pt)wer to be computed from a. proxi- 
mate analysis quite closely, which will 
save considerable expense to enquirers 
hereafter. They are the first accurate 
tests known to me, and were made with 
the apparatus after which that of John 
Hopkins University was modeled. 

Prof. Davis' work is recorded in his 
sul)-report. 

Beside the work mentioned, there has 
been a great deal of answering queries 
and of advice given as to coal and other 
explorations, in this year of active ex- 
ploration, which has taken not a little 
time. 

To keep better informed as to these, I 
have liad at my own expense of $3.00 a 
month subscribed to a press clipping 
bufeau which keeps me fairly well in- 
formed of any wells sunk or other ex- 
plorations. Among much inaccurate 
information there is much of value, and, 
though I propose to continue the ser- 
vice myself for a time, I feel that it 
would be wise for the Board to continue 
it. It will in a few years be an invalu- 
able record of explorations, and noth- 
ing is surer than that explorations fre-* 
quently fruitlessly repeated because ac- 
curate and authentic records of earlier 
ones are not kept, and thus the re])ort 
grows that some mysterious money 
power, usually the Standard Oil Com- 
pany, bought off the explorers just as 
something rich was struck. 

We have continued to help in keep- 
ing an assistant at the deep well in Bay 
City, studying the fine geological col- 
umns which are thus exposed. 

From Nebish Island and Cheboygan 
on the north to Ann Arbor and Riga on 
the south there has been unusual activi- 
ty the past year in boring deep wells, 
and considerable addition will be made 



t« our knowledge of what may be ex- 
pectrcd from such borings. 

PKOPOSALH FOR 1900. 

Puhlioatum, In the coming year I 
trust that the reports for Huron, Mon- 
roe and Sanilac Countie^ will be out, 
and possibly those of Tuscola and Sagi- 
naw ('ounties. If we had not so much 
back work to make up it would be pr)s- 
sible to get out Saginaw County this 
winter, but it looks at present as if it 
would be hardly possible in any case to 
get it out before next spring, and prol)- 
ably the preparation of the report will 
bring out matters which may require a 
little revision in the early part of next 
season. It would be natural to push 
the work on into Bay County, where 
there are very important coal develop- 
ments, and into Gratiot County, where 
Prof. Davis has already accumulated 
facts. I plan to push the work up to- 
ward the north of the State, where there 
is a demand for it and where economic 
results are to be expected. There are 
as good prospects for oil or gas south- 
east of Alpena as around Port Huron. 
The same region seems promising good 
for cement, pottery and other clay in- 
dustries. There is also a good pemand 
for limestone at present, and the region 
from Alpena to Cheboygan offers every 
prospect for geological work, which 
would be v^aluable both scientifically 
and economically, but which cannot be 
undertaken with any satisfaction until 
the work of collection and of previous 
observers, Drs. Winchell and Rominger, 
are accessible as a base for our work. 
It is absolutely foolish to go over the 
State and do what has already been 
done. It must be remembered that with 
the completion of the Isle Royale report 
in Volume VII the State Geological 
Survey has covered the State in a gen- 
eral way, and the kind of work which 
is now necessary and desirable is of a 
more minute character, leading to more 
specific and practical results. There 
are a great many parts of the State in 
which such work would be profitable, 
and it seems therefore highly advisable 
not to push it in any one part until 
special conditions are favorable — that is 
to say, until a good topographic base 
has been provided, if there is any pros- 
pect of such a one being made, and un- 
til the work of previous workers is ac- 
cessible to the public, so that we may 
not have to do the work over again, but 
go on the greater accuracy and detail. 
Unfortunately Dr. Winchell's collection 
and drawings are not accessible to the 
public, and the same thing is nearly 
true of the vast amount of material 
which has been collected by Dr. Rom- 
inger, although he still lives to give the 
information as a Nester to younger men. 
Both of these collections, however, 
should be put in some public museum, 



where the State Geological Survey 
could have the use of them in its work. 
I am very glad that the Kent Scientific 
Institute collections are to be pla<:e<l in 
charge of the Normal College. I have 
rendered some assistance to Miss E. J. 
Cole and Mr. J. F. Nellist in studies of 
Kent Count3\ and our work from Sagi- 
naw and Gratiot Counties might natur- 
ally spread to Kent, where the problem 
of water supply, etc., invite geological 
investigation. In the same way it would 
be natural to work from Saginaw south 
toward Ingham and Livingston Coun- 
ties, continuing our studies of the coal 
measures. 

Again, if our funds were not far too 
limited, from Sanilac (-cmnty it would 
be wise to work south into St. Clair 
(>ounty, and study the oil aud gas de- 
velopment around Port Huron. This 
latter might well be combined with a 
special report on the prospects for oil 
and gas in the State, Which one of the 
various avenues inviting work shall be 
taken up will depend on the men avail- 
able therefor. 

There are two classes of work now 
being pushed in all State surveys. One 
is thorough examination of small areas 
(counties), the other is the examination 
of special objects. Our county reports 
belong to the first class and are distinct- 
ly implied and authorized by the law, 
which provides that the State Geologists 
shall tile all county reports with the 
Land (Commissioner. The other class 
of reports are equally important and 
are also called for by law. Such are 
the reports on cement material by D. J. 
Hale, that of Dr. Ries on clays and 
shales, and of myself on coal. In all 
probability the expense of the prelimi- 
nary publication of special subject re- 
ports can be largely saved the State, if 
your honorable Board so chooses, by 
their publication through private chan- 
nels. They will not receive the same 
distribution as though they were pub- 
lished by the State itself. Yet it is a 
question with me, whether a report 
printed, for example, by The Michigan 
Miner, or in a dailj' paper, does not get 
more prompt and intelligent attention 
than one issued jis a State report. I am 
very well satisfied with the results of 
printing the coal report in The Michi- 
gan MiNEii, though I think that a re- 
visetl edition containing later data 
should be issued by the State, uniform 
with other reports, for distribution to 
public libraries and other places where 
sets of our rei)orts are desirable. 

Besides the reports already in prepar- 
ati(»n, others on the prospects for oil 
and gas in the State, on the sources of 
high-grade limestone, and on the distri- 
bution of gypsum (plaster), would, as I 
know from enquiries, meet a demand. 
The U. S. Geological Survey are plan- 
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ning for the next tw'o years a reeon- 
naisance of the glacial or surface geolo 
gy of the State, in which we have prora- 
isetl to co-operate. When that work is 
done there will be a large amount of 
material towanJ a special report on the 
soils. 

Upper Peninsula. Dr. Huhbard has 
kindly consented to take (jUarge of the 
Houghton office gratuitously, and so 
long iis he will do this the location of 
the State Geologist at Lansing has many 
ail vantages, and he has promised to 
prepare for us. at his earliest leisure, a 
report on the correlation of tlie copper- 
bearing lodes of Houghton and Kewee- 
naw Counties. It has been fonnd that 
the land survey is so defecttve that the 
correlation of outcrops, which are 
platted with reierence to sections sup- 
posed to be square, 19 liable to lead to 
verv erroneous conclusions as to the 
structure and the direction of the co})- 
per-bearing lodes, and, therefore, it has 
r)een necessary to prepare an accurate 
transit line funning along the copper- 
bearing range and get the true shape of 
the sections immediately adjacent. This 
has been done from Houghton to Kock- 
land and will be y)ushed in the coming 
season. It is slow work and expensive. 
There is a very tempting work open 
to the survey in the Iron C •ountr}% which 
has been for a number of years studied 
by the U. S. Survey. While they were 
there it was understood that we should 
not be there because it is obviously a 
waste of Government funds for two or- 
ganizations to be studying the same place 
at the same time. They are now through 
with their field work, and it may soon be 
advisable for us to gather up the- ever- 
accumulating mass of new information. 
This part of the State is, how^ever, 
owned by a few larjce corporations, 
which can and do concUict private geo- 
logical surveys of their own on a sttale 
of expense and thoroughness far beyond 
wliat we can afford. All we can giVe is 
a certain modest amount of co-opera- 
tion in return for the records, which in 
the last years of busy activity have l)een 
accumulating faster than we can master 
them. There are over thirty companies 
now exploring in the copper region. 
More and more of the mining men of 
the Upper Peninsula are appreciating 
the Geological Survey and are furnish- 
ing to it drill cores and records which 
are fast filling up our modest building.. 
The present condition of the gold in- 
dustry in Upper Michigan also invites 
attention. There seems to be no reason. 

geologicallv, why gold mines should not 
e successful, as, for instance, in Minne- 
sota. The opportunities for the useful- 
ness of the survey are far more numer- 
ous than its funds will permit it to seize. 

Value of the Survey. A few instances 
have come to ray attention this year 
illustrating the value of the survey which 
may be worth stating here, 'Ine pre- 
liminary newspaper publication of Prof. 
Sherzer's researches on the glass sands 
of Monroe County brought to my office 
an inquirv' from the Li boey Glass Com- 
pany of Toledo, Ohio, which resulted in 
an immediate large order. And we 
have been able to guide other enquirers 
for the same material. The work upon 
the variation of the grain of rocks has 
enabled Dr. Hubbard U) order discon- 
tinued a shaft when he found that it 
was sinking into a thick bed of trap, 
whereas otherwise he might not have 
known whether he was near foot or hang- 
ing. On the coal report I will quote only a 



short paragraph from a letter received: 
"The report, I think, of the greatest 
importance to the State, and the fact 
that it hjis appearexl just when it is most 
needed makes it doubly appreciated by 
jjersons lik(^ myself, who can make im- 
mediate and practical use ot the infor- 
mati(m it contains." 

But the crowning illustration of the 
value of the re})orts is given by Dr. 
Hubbard's work. Dr. Hubbard's work 
on the correlation of the copper-bearing 
rocks is j)ublished in Vol. Vl, He has 
since been employed as agent of the 
Copper Range Company. 'I he subscrip- 
tion value of this corporation was 
1*2,000.000. and even at present market 
prices after the panic it is selling for 
13,000,000 when the value of other pro- 
perties has been nearly wiped out. 
The dilTerence must at least in part be 
ascribed to the fact that Dr. Hubbard 
has found and opened upon the Baltic 
lode in eleven dilTerent places, making 
an exhibit which in the time occupied is 
almost unequaled. It we consider the 
rise in the value of the stock and its 
holding the same to be due to Dr. 
Hubbard's success, and I think there is 
no doubt that it is so due in large part, 
then we can easily see that the taxes on 
this increase in value would alone 
almost suffice to pay the entire appro- 
priation for the Geological Survey indefi- 
nitely. While it is pleasanter and more 
attractive to point to value actually 
given to the State by the publications of 
the survey, it is probable ipiite as useful 
in saving money, when, for instance, 
ex])l orations for coal at Sand Beach and 
Fruitport are not undertaken because 
the maps of the survey show that there 
is no coal there, or when a well 200 feet 
deep about to be abandoned as too salty 
is saved for domestic use by publication 
of geol )gical information by Prof. Davis, 
there is as much real utility as if tlie 
money which would otherwise be spent 
in fruitless explorations or in new wells 
was actually gained. 

As there has been no transfer of equij>- 
ment in the Houghton office to my 
charge, and the books received in ex- 
chaujje have come in part to my office 
and m part to the other, I omit this 
year's statements of additions to the 
library and equipment which have some- 
times 'been made. There has been con- 
siderable addition in both departments. 
The samples of coal and clay taken for 
testing were large ones averaging about 
25 pounds and after careful quartering 
the amount neede<i for test« used. The 
balance has been returned to us and is 
at the disposal of college laboratories 
who wish for check material. 

Prof. Davis' report on his work in 
Tuscola County I append. I may acid 
that his work shows in the "prairies" of 
the county the flora characteristic of the 
fruit belt of Southwestern Michigan, and 
leads to the well-grounderl expectation 
according to the law that crops which 
can be well produced far from chief 
centers of productirin bring best prices 
that the fruit inuustry will be profitable 
there. 

Respectfully submitted, 

Alfred C. Lane, 

State Qeologist. 



1)k. Alfred C. Lane, 

State Geologist, Lansing, Michigan. 

Sir:— In accordance with your verbal 

and written instruction, the first two 

weeks of July were spent working out 

the results of part of my field work in 



Tuscola County during 1H»8. On' -Jnlv 
14th I began work in the field, tatkiiitj 
up the field work where it was broken 
off in 1898. My tii-st work was to r-oiii- 
ulete the survey of the. region a.lM>ut 
Mayville, especially the morainal depo- 
sits there and those lying to the north 
and east of the village, in Clayton au<l 
Koylton Townships. In this region the 
moraine is verj' high, nearly 1,0(X> fe^^t 
above tide level at Mayville, and ill. so 
presents many features of .scientific in- 
terest. The thing which most especMJiIJy 
attracted my notice w:is the fact th:tt 
all the formations attributed common Iv 
to the action of water from tlie mt*ltiiit^ 
front of the ice sheet are to be found on 
the north side of the main mora^inal 
dejxisit. These formations are such UrS t lie 
hillocks of unsorted gravel, know^n a^j 
kames, sandy knolls and the numerous 
minor topographic forms which were 
developed beyond the line of main 
deposit in front of the ice sheet, one ex- 
ceedingly abundant and well marked 
and present jn highly interesting var- 
iety, all 'along the north side of the 
moraine in the towns mentioned. In 
Dayton Township it is also evident from 
the way in which these formations lie 
with regard to the main moraine that 
there were several minor projections of 
the ice northward asi>ort nistance, while 
between the.se strong streams of water 
flowed northward into the bay, whieh 
is now the Cass River. The larger part 
of these old valleys are now occupie<l 
by swamps and marshes, which are only 
partly drained by small shiggish streams 
flowing through them. The most rtr- 
markable kame deposit noted is a great 
mass, having the typical rounded out- 
lines of the true kame. which marks the 
limit of the northward extension of this 
class of deposits in Dayton Township. 
The hill is on section o of Dayton, and 
from itij top the whole panorama of the 
Cass River Valley is visible, as from no 
other point which was visited by the 
writer. Due north of this kame there 
was no marked and unaltered glacial 
xleposits until the lesser uroranial ridj^e 
in Ellington Township was reached, on 
the other side of the Cass. In Koylton 
Township several well marked eskers 
were traced, the details of which are of 
interest, but which cannot be incorpora- 
ted in this brief report. The region on the 
south side of the moraine as far as it was 
examined (that part lying in Tuscola 
County) sloped with a gradual and 
smooth descent which had few interest- 
ing features into a comparatively flat 
plain. About several of tlie small lakes 
m this section the presence of marl 
was sited, but no systematic attempt to 
locate iHjds of this material was made, 
but from the swamp and spongy nature 
of the soil in many parts of the township 
lying to the north of the ridge it is 
probable that considerable beds exist 
in favorable places. After the work in 
the region about Mayville was com- 

Slete<l, the townships of Kingston and 
ovesta were gone over, and, as these 
were all that had not previously been 
explored. I by your direction began the 
preparation of the final report on the 
natural resources of Tuscola County, 
which work occupied me until the first 
of October and has i>een continued since 
as time and opportunity offered. 

Respectfully submitted, 

Charles A. Davls, 

Alma College, Field Agent. 

Alma, ^Ii('higan. 

Decern iH'r 18, 1899. 
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DR. L L HUBBARD. 

Sketch of One of Michigan's Noted 
State aeologlsta, from the Pen of 
Dr. Alfred C. Lane, the Present 
State Geologist. 

My predecessor, Dr. Lucius Lee 
Hubbard, was born in a year of good 
omen to geolt^ste and miners, '49, 
in tbe city of Cincinnati, Ohio. He 
spent his boyhood days in that State, 
but went E^t to be fitted for college 
and was graduated from Harvard in 
1S72. The next two or tbree years 
were spent in study abroad at tbe 
University of Bonn and the Boston 
School of Law, where he - 
received his degree of 
LL.B. in May. 1875. 
At that tim<> lie had 
lliought of talcing it)> 
diplomacy an a pmfcs- 
rtion, but then, as now. 
tlu' rniWHl Suites dif- 
en-d from most other 
natiniiH in r<H|iiiring no 
siM'cial ti'Rining for lier 
foreign service, ami nut 
iitTering any life caiver in 
dii)loinacy. Tlienext few 
years were upent in Ihiki- 
nesH and legal pnietice 
amund B'wt«>n. lint the 
keen eye and discriminat- 
ing mind which had made 
liim a successful philate 
list, and his love for oiit- 
tUtOT life, drew him into 
seientifie pursuits. He 
Lad for years spi-m his 
vacations in the woods of 
.Maine, and his two bookn. 
"Summer Vacations at 



Moosebead Lake and Vicinity, " and 
"Woods and Lakes of Maine. " the 
latter with an excellent map, are 
I still standard authorities for those 
exploring around Mt. Ktaadn. In 
1883 Science had finally claimed bim I 
for her own. In 1886 he took the 
degrees of A.M. and Ph.D. from 
the University of Bonn, where he 
worked with Von Laseaulx, and in 
November continued bis studies at 
Heidelberg under Prof. Rosenbusch. 
It was there that I first met 
him. One product of his studie>< in 
Germany was a paper on certain 
features of the volcanic rocks of 



Germany, entitled '-Beitraege »ur 
Kentnisse der Noaean fuehrenden 
Auswuerfiinge des Laacher Sees." 

In 1891 he entered the service of 
the State Geological Survey of Mich- 
igan, which was then directed by 
Dr. M. E. Wadswortb. who was at 
tbe head Iwth of the survey and of 
the Mining School at Houghton, 
Mich. Dr. Hubbard alao gave in- 
struction in mineralogy and litholo- 
gj-. A list of tbe minerals of Mich- 
igan compiled by him will be found 
in the report of the Michigan Geo- 
logical Survey for 1891-92, page 174. 
In 1S9H the Board of Geological 
Survey <let«rmined to 
make the connection of 
the State Survey with the 
.Mining School less close, 
and Dr. Hubbard was ap- 
point^Kl State (icologiat, 
wliile Dr. Wadfiworth re- 
inain<il at the head of 
the >lini]ig ScIkmiI. The 
first fruit of the new do- 
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reports, 
which was issued in 1K!I5. 
and tile preparation foi- 
the publishing of Vol 
ume VI was promptly 
undeituken. When the 
auditing of the bills for 
it. however, came into 
the hands of a new lloani 
of Auditors, 
ditflcnities ar 
caused Dr. Hubbard un- 
proflttkbie trips to Lan- 
ding and delayed the 
publication of the same. 
The State Printers also 
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have been inclined to poHtpone 
work on auch large reports 
to the summer months, when there 
is not so much legislative or other 
pressing work, but on the other hand 
the summer is precisely the time 
when the geologist is most away 
from his office and is likely to be 
most busy ; consequently the issue of 
Volume VI was postponed beyond 
all expectation. At length, wearied 
by repeated obstacles in his way, 
and especially by the vote of the 
Board of Auditors that they would 
allow no further printing until action 
had been taken by the Legislature, 
Dr. Hubbard resigned, January, 
1899. Before his resignation took 
effect, however, he was appointed 
manager of the Copper Range Com- 
pany. Their judgment was amply 
justified by the discovery of the 
Baltic lode, which was supposed to 
exist on their property, by Dr. Hub- 
bard personally, and in a very short 
time, and at vastly less expense 
than is usually incurred by prelimin- 



ary explorations, he had the lode 
opened upon in eleven places, seven 
of which were rich, thus assuring 
the future of the Champion mine (as 
it is to be called) beyond question. 

Dr. Hubbard's account of theories 
regarding the origin of salt, gypsum, 
and petroleum, in Volume V, is'fre- 
quently olted. In Volume VI his 
explanation and description of the 
intrusive felsitea of Keweenaw Point 
is of great interest to the geologist 
and a distinct correction and im- 
provement on previous authors in 
the same field, while his last chapter 
on the recent work around Portage 
Lake is of great practical value. 

Beside the issue of Volumes V 
and VI of our reports, some other 
papers by Dr. Hubbard on Michigan 
subjects are as fqllows: 

*»0n Powellite from a New Local- ; 
ity," Am. Jour, of Science. XLVI, \ 
Nov., 1893. ' 

••Tw^o New (jreological Cross-sec- ' 
tions of Keweenaw Point." 

*'The Kelation of the Vein at the. 



Central Mine, Keweenaw Point, to 
the Kearsarge Conglomerates.'* Pro- 
ceedings Lake Superior Mining In- 
stitute, 1895. 

Dr. Hubbard is a proficient rifle 
shot and an imperturbable and for- 
midable whist player, having been 
President of the Upper Peninsula 
Whist League. He is also an active 
Churchman, and was elected a dele- 
gate to the last general convention. 

On September 29, 1875, he was 
married to Francis J. Lambard. Of 
the three living children, the eldest 
daughter is married to Horatio Stu- 
art Goodell. 

Although lie is not drawing auy 
salary from the State, he still con- 
tinues to take a helpful interest in 
the work of the (Geological Survey, 
and I hope before long to have a re- 
port from him \i\Mm tlie Congelation 
of the Copper-)>eariug Lodes, which 
no man living is 1)etter qualified to 
give. Alfrki> C. Lane. 
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